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STORING INFORMATION FOR ACCESS
USING A CAPTURED IMAGE

FIELD OF THE INVENTION

Embodiments of the present imnvention relate to storing
information so that 1t can be accessed using a captured image.

BACKGROUND TO THE INVENTION

It may be desirable 1n certain circumstances to attach infor-
mation to locations in the real world. This has previously been
achieved by using barcodes or RFID tags attached to real
world objects or by associating information with absolute
positions 1n the world.

It would be desirable to provide an alternative mechanism
by which mnformation can be associated with real world loca-
tions and objects.

It would be desirable to provide a mechanism by which a
user can ‘leave’ information at a real world location or object
so that 1t can be ‘collected’ later by that user or another user.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of a first embodiment there 1s
provided an electronic device comprising:

means for associating first information and at least a first
portion of a first image; and

means for using a second image that includes a portion
corresponding to at least the first portion of the first image to
access the associated first information.

It should be noted that a single electronic device comprises
both means 1.e. 1t 1s capable of both associating information
with an 1image and using an 1mage to access information. The
information may be stored centrally, 1n which case a plurality
of such electronic devices are able to both place content using
an 1mage and retrieve content using an image, that 1s both
placement and access to information 1s distributed.

The first information may be media such as an 1mage, a
video or an audio file or it may be, for example, an instruction
for performing a computer function.

Correspondence between the portion of the second 1mage
and the first portion of the first image does not necessarily
result 1n automatic access to the associated first information.
The access may be conditional on other factors.

The first information may be pre-stored for access or
dynamically generated on access.

According to another aspect of the first embodiment there
1s provided a method of storing information for future access
by others comprising: associating first information and at
least a first portion of a first image 1n a database controlled by
a third party so that the first information can be accessed by
others using a second image that includes a portion corre-
sponding to at least the first portion of the first image.

According to another aspect of the first embodiment there
1s provided a system for storing information comprising: a
server having a database that has a plurality of entries each of
which associates one of a plurality of 1mage portions with
respective information; a first client device comprising a cam-
era for capturing, at a first time, a first image that includes a
first portion and means for enabling association, at the data-
base, of the first portion with first information; and

a second client device comprising: a camera for capturing,
at a second later time, a second 1mage, which includes a
portion corresponding to at least the first portion of the first
image; means for using the second image to access, at the
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database, the associated first information; and output means

for outputting the accessed first information.

The first portion may be the whole or a part of an area
associated with the first image.

In 1implementations of this embodiment of the invention,
features 1n a captured ‘model’ 1mage are used to index infor-
mation. Then 11 a later captured ‘scene’ 1image corresponds to
a previously captured model 1mage because some of the fea-
tures 1n the captured ‘scene’ 1image are recognised as equiva-
lent to some of the features of the model 1image, the informa-
tion 1ndexed by the corresponding model 1mage 1s retrieved.

According to one aspect of a second embodiment there 1s
provided a method for producing an homography that maps
plural interest points of a first image with interest points 1n a
second 1mage, comprising;:

a) generating a set of putative correspondences between inter-
est points of the first image and 1nterest points of the second
1mage;

b) making a weighted sample of correspondences from the
generated set;

¢) computing an homography for the sampled correspon-
dences;

d) determiming the support for that homography from the
generated set;

¢) repeating steps ¢) to d) multiple times; and

1) selecting the homography with the most support.
According to another aspect of the second embodiment

there 1s provided a method for producing an homography that

maps a plural interest points of a first image with interest
points of at least one of a plurality of second 1mages, com-
prising:

a) generating a set of putative correspondences between inter-
est points of the first image and interest points of a second
1mage;

b) making a weighted sample of correspondences from the
generated set where the probability of sampling a particu-
lar putative correspondence depends upon a measure of
probability for the interest point of the second 1mage defin-
ing that particular putative correspondence;

¢) computing an homography for the sampled correspon-
dences;

d) determining the support for that homography from the
generated set;

¢) repeating steps ¢) to d) multiple times;

) changing the second image and returning to step a), mul-
tiple times;

o) selecting the second 1mage associated with the homogra-
phy with the most support;

h) updating the measure of probability for each of the interest
points of the selected second image that support the
homography associated with the selected second 1image.
According to one aspect of a third embodiment there 1s

provided a method for producing an homography that maps a

significant number of interest points of a first image with

interest points 1n a second 1mage, comprising;:

a) generating a set of putative correspondences between inter-
est points of the first image and 1interest points of the second
1mage;

b) making a sample of correspondences from the generated
set;

¢) computing an homography for the sampled correspon-
dences;

d) determiming the support for that homography from the
generated set;

¢) repeating steps ¢) to d) multiple times;

1) selecting the homography with the most support; and
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g) veritying the homography by veritying that the first and
second 1mages match.

According to one aspect of a fourth embodiment there 1s
provided a method for producing an homography that maps
plural interest points of a first image with interest points 1n a
second 1mage, comprising;:

a) generating a set of putative correspondences between inter-
est points of the first image and interest points of the second
image;

b) making a sample of correspondences from the generated
set;

¢) computing an homography for the sampled correspon-
dences:;

d) determiming the support for that homography from the
generated set by determining the cost of each putative
correspondence, wherein the cost of a putative correspon-
dence 1s dependent upon statistical parameters for the inter-
est point of the second 1image defining that putative corre-
spondence;

¢) repeating steps ¢) to d) multiple times; and

1) selecting the homography with the most support.

g) updating the statistical parameters for the interest points of
the second 1mage 1n dependence upon the cost of the puta-
tive correspondences under the selected homography.
According to another aspect of the fourth embodiment

there 1s provided a method for producing an homography that

maps a plural interest points of a first image with interest
points of at least one of a plurality of second 1mages, com-
prising:

a) generating a set of putative correspondences between inter-
est points of the first image and interest points of a second
1mage;

b) making a sample of correspondences from the generated
set;

¢) computing an homography for the sampled correspon-
dences:

d) determining the support for that homography from the
generated set by determining the support from each puta-
tive correspondence, wherein the support from a putative
correspondence 1s dependent upon statistical parameters
for the interest point of the second 1mage defining that
putative correspondence;

¢) repeating steps ¢) to d) multiple times;

) changing the second image and returning to step a), mul-
tiple times;

o) selecting the second 1mage associated with the homogra-
phy with the most support;

h) updating the statistical parameters for the interest points of
the selected second 1image

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present mnvention refer-
ence will now be made by way of example only to the accom-
panying drawings 1n which:

FIG. 1 illustrates a system 10 by which one of a plurality of
different users can bind information to any location by taking
an 1image of that location;

FIG. 2 presents the process 20 for creating a new model
user 1mage key from an image captured by a user and for
associating information with this key;

FI1G. 3 presents the process for retrieving information from
the database 8 using an 1image captured by a user;

FIG. 4 illustrates a process for finding an homography,
H_ ., that aligns a significant number of the interest points of
the scene user 1image key with interest points 1n one of the
model user 1mage keys stored 1n the database;
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FIG. § presents the process 50 for adding new information
to a model user image key already 1n the database 8 given an
appropriate image captured by a user; and

FIG. 6 illustrates the process of augmenting the image
captured by the user with information.

DETAILED DESCRIPTION OF
EMBODIMENT(S) OF THE INVENTION

FIG. 1 illustrates a system 10 by which one of a plurality of
different users can bind information (digital content) to any
location 1n the world by taking an 1image of that location. The
digital content then notionally exists at that location and can
be collected by the same user or a different user by taking an
image of that location.

A user 3A uses a mobile imaging device 2A to capture an
image ol a location. The mobile imaging device 2A 1s 1n this
example network enabled and it can operate as a client to a
server 6. It communicates with the server 6 via a network 4.
Theimaging device 2A may, for example, be amobile cellular
telephone that operates in a mobile cellular telecommunica-
tions network 4.

In this example, the mobile imaging device comprises a
processor 11 that writes to and reads from memory 12 and
receives data from and sends data to radio transceiver 13
which communicates with the network 4. The processor 11
receives iput commands/data from an audio input device 17
such as a microphone, a user input device 16 such as a keypad
or joystick and a digital camera 15. The processor 11 provides
commands/data to a display 14 and an audio output device 18
such as a loudspeaker. The operation of the imaging device
2 A 15 controlled by computer program instructions which are
loaded 1nto the processor 11 from the memory 12. The com-
puter program instructions may be provided via a computer
readable medium or carrier such as a CD-ROM or floppy disk
or may be provided via the cellular telecommunications net-
work.

The captured 1mage 1s then uploaded from the client 2A to
the server 6 via the network 4 1n an Upload Message, which
may be an MMS message. The originating user 3A uses the
client device 2A to communicate with the server 6 via the
network 4 and a target region 1s defined 1n the 1mage. The
target region 1s then processed at the server 6 to create a model
user 1mage key for that location. The originating user 3A
defines digital content that 1s to be associated with the target
region of the captured image. If this digital content1s stored at
the client device 2A 1t 1s uploaded to the server 6. The server
6 comprises a database 8 that links model user image keys
with their associated digital content.

The same user 3A or a different user 3B can subsequently
obtain the digital content associated with alocation (1f any) by
capturing an image of the location, using their respective
imaging device 2A, 2B, and by sending the image to the
server 6 1n a Request Message which may be an MMS mes-
sage. The server 6 responds to this message by creating a
scene user 1mage key for the image recerved 1in the Request
Message. It then searches its database 8 to see 1f the scene user
image key corresponds to a model user 1image key stored 1n
the database 8. If there 1s correspondence, the digital data
linked by the database 8 to the corresponding model user
image key 1s obtained.

For non augmented reality digital content, the scene user
image key simply acts as a trigger for downloading the
obtained digital content to the requesting client device 2A,
2B. For augmented reality content, the captured image
received 1n the Request Message 1s used as a coordinate
system to place the obtained digital content within the image
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and the augmented 1mage 1s returned to the requesting client
device. For augmented reality content, the user defines an
area where the digital content 1s to appear when the digital
content 1s defined. This area may correspond to the target
region.

If certain digital content 1s notionally associated with a
location, then any user 3A, 3B may be able to augment the
digital content associated with that location with additional
digital content. An image of the location 1s captured and the
captured 1mage 1s uploaded from the client 2A, 2B to the
server 6 via the network 4 1n an Update Message, which may
be an MMS message. The server 6 responds to this message
by creating a scene user 1mage key for the image received in
the Update Message It then searches its database 8 to see 1t
the scene user 1mage key corresponds to a model user image
key stored in the database 8. If there 1s correspondence, the
digital data linked by the database 8 to the corresponding
model user 1mage key 1s obtained and augmented with the
additional digital content.

It should be appreciated that although i1n the preceding
description user 1image key creation occurred at the server 6,
it 1s also possible to have the client device 2 A, 2B perform this
process.

It should be appreciated that although a system 10 has been
described, the ivention may also be used wholly within a
single device. For example, a single device may operate as
both client and server, with the database 6 being stored in the
device. The Upload message, Request Message and Update
Message would then be messages transmitted within the
device as opposed to externally transmitted MMS messages.

It should be appreciated that although a single device may
operate as a 1maging device and a client device, in other
implementations they may be separate devices.

The implementation of the imnvention 1s described 1n more
detail in FIGS. 2 to 6.

FI1G. 2 presents a process 20 for creating a new model user
image key from a ‘model” image captured by a user and for
associating digital content with this key.

To place digital content at a new location in the world a
‘model” 1image of that location 1s captured by a user 3A using,
the 1maging device 2A at step 21.

The user will usually intend for digital content to be asso-
ciated with an object present 1n the captured 1image or a part of
the captured image rather than the complete image. For
example the user might wish to associate content with a sign
or poster present 1n the image. The user, at step 22, defines the
target region to be associated with digital content.

If augmented content 1s to be used at this target and the
aspect ratio of the content 1s to be preserved 1n the rendering
then the aspect ratio of the target region, that 1s the ratio of its
width to 1ts height, must be known. This can either be supplied
by the user or estimated from the shape of the target region.

If the imaging device 2A 1s a networked mobile device then
this device may be used to define the target region. If the
imaging device 1s a digital camera, then the captured image 1s
loaded 1nto software running on a desktop computer or simi-
lar to allow definition of the target region.

The user 3A may manually define the target region of
interest in the captured image by positioning four corner
points on the image to define a quadrilateral. The points may,
for example, be positioned via a simple graphical user inter-
tace that allows the user to drag the corners of a quadrlateral.
In one implementation, on a mobile telephone, four keys 2, 8,
4, 6 of a keypad, such as an ITU standard keypad, are used to
move the currently selected point respectively up, down, left
or right. Another key, for example the 5 key, selects the next
corner with the first corner being selected again after the last.
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A turther key, for example, the O key indicates that the target
region 1s complete. An alternative method for positioning the
points 1s to have the user move the mobile telephone so that
displayed cross-hairs point at a corner point of the quadrilat-
cral and press a key to select. The mobile telephone deter-
mines which position 1n the previously captured image cor-
responds to the selected corner region.

A semi-automatic process can be employed in which an
algorithm 1s used to find quadrilateral structures 1n the image
and propose one or more of these as potential target regions.
Theuser can then simply accept a region or else elect to define
the region entirely manually.

If the shape of the target region quadrilateral 1s defined
manually by the user 1t may be constrained to be one that 1s 1n
agreement with the image perspective to aid the manual selec-
tion process. The captured 1mage 1s processed to determine
the “horizon” where parallel structures 1n the captured 1image
intersect. The parallel sides of the quadrilateral target region
are positioned in the image so that they also 1ntersect at the
horizon.

A model user image key for indexing the content database
1s then automatically created at step 23 using the 1mage just
captured by the user. Only parts of the image contained within
the target region defined 1n the previous stage are used 1n key
creation.

An 1mage key contains: the captured image and interest
points extracted by processing the image. It, in this example,
also contains statistical parameters associated with the image
interest points and, optionally, a description of the location of
the 1mage 1n the world.

Various methods can be used to determine interest points.
For example, Hartley and Zisserman (“Multiple View Geom-
etry 1n Computer Vision”, Richard Hartley and Andrew Zis-
serman, Cambridge University Press, second edition, 2003)
s4.8 use interest points defined by regions of minima 1n the
image auto-correlation function. Interest points may also be
defined using Scale mvariant Feature Transform (SIFT) fea-
tures as described 1n “Distinctive Image Features from Scale-
invariant Keypoints™, David G. Lowe, International Journal
of Computer Vision, 60, 2 (2004), pp. 91-110.

The statistical parameters are adaptive. They are mitially
assigned a default value but become updated when the model
user 1mage key successfully matches new scene user image
keys 1n the future.

If the location of the user 3A 1s known when capturing the
image then this 1s stored as part of the model user image key
at step 24. The location may, for example, be dertved 1n a
mobile cellular telephone from the Cell ID of the current cell,
from triangulation using neighbouring base stations, using
(Global Positioning System (GPS) or by user input.

At step 25, the user 3A defines the digital content that 1s to
be associated with the captured image. How the user 3A
specifies the digital content 1s application specific. When
speciiying content for storage the user 3A may select content
that exists on their mobile device 2A. This digital content may
have been created by the user or by a third party. The digital
content may be a static image (and optionally an alpha mask
needed for image blending), a static 3d model, video, ani-
mated 3d models, a resource locator such as a URL, sound,
text, data etc.

I1 the digital content 1s to be used 1n augmented reality, then
it 1s additionally necessary for a user to specily where 1n the
imaged location the digital content should appear. The user
may separately define an area using a quadrilateral frame on
the captured image for this purpose. However, 1n the
described implementation the target region 1s used to define
the area.
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At step 26, the digital content 1s stored 1n the database 8,
indexed by the created model user image key.

FIG. 3 presents the process for retrieving digital content
from the database 8 using a scene 1mage captured by a user.

To retrieve digital content associated with a particular loca-
tion 1n the world an image of that location 1s captured by a user
3A, 3B 1n step 31 using an imaging device 2A, 2B. In general
this will be done on a networked mobile device but this could
also be done on a sutficiently powertul network-less device 1f
the database 8 1s stored on and the processing run on the
device.

At step 32 a scene user 1mage key 1s created using the
captured image. The process 1s the same as described for step
231n FIG. 2 except that the whole image rather than a part (the
target region ) of the captured image 1s processed to determine
the interest points. The location information includes the
current location of the imaging device when the image was
captured, if known. The created scene user image key 1s sent
to the database 8 1n a Request message.

Although statistical parameters may be included 1n a scene
user image key they are not generally adaptive 1n this imple-
mentation as they are for a model image key.

The request message may also contain an application iden-
tifier. A particular application might only be concerned with a
small subset of the model user 1image keys in the database 1n
which case only the relevant keys need to be considered. The
application identifier enables this subset to be 1dentified as
illustrated 1n step 33. For example, a treasure hunt application
might only require the user to visit a small number of particu-
lar locations even though the database contains many more
keys for other applications. By considering only the relevant
keys both the computation load of matching keys and the
potential for error 1s reduced.

The number of model user image keys 1n the database 8 that
are to be compared to the received image key may be reduced
by considering only those stored image keys that have a
location the same as or similar to the user image key 1n the
query. This process 1s illustrated in step 34. The use of loca-
tion information may be application dependent. For example,
in a game where a user collects images of generic road signs
the application 1s not concerned about the location of the sign
but only 1ts appearance.

Although 1n FIG. 3 step 34 follows step 33, 1n other imple-
mentations step 34 may precede step 33.

The sample of model user keys from the database that are
to be used for comparison with the current scene user key may
consequently be constrained by the application used and/or
by the location associated with the scene user image key or
may be unconstrained. The four alternative are illustrated in
the Figure.

At step 35 1t 1s attempted to find a match between the scene
user 1mage key created at step 32 and a model user image key
from the sample of model user image keys from the database
8. Matching the scene user image key to a model user image
key stored 1n the database involves finding an homography,
H_  that aligns a significant number of the interest points of
the scene user 1mage key with interest points in one of the
model user image keys stored in the database. It 1s possible
but not necessary for the scene 1mage to contain all of the
target region of the model image. The scene 1image need only
contain a reasonable proportion of the model 1mage. A suit-
able process 40 1s illustrated in more detail in FIG. 4. It uses
the Random Sample Consensus (RANSAC) algorithm which
1s described 1n Hartley and Zisserman S 4.8 and algorithm 4.6
the contents of which are incorporated by reference. The
homography produced by RANSAC maps pixels from one
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image to another image of the same planar surface and
enables the recognition of objects from very diflerent view-
points.

Referring to FIG. 4, at step 41 a set of putative correspon-
dences between the interest points of the scene user image key
(scene 1nterest points) and the interest points in a first one of
the model user 1mage keys stored in the database (model
interest points) 1s determined. Typically, each scene interest
point may match to multiple model interest points and vice
versa. It 1s usetul to filter the putative matches so that at most
one match exists for each interest point. This can be done by
ordering the putative matches into a list with the best matches
occurring first. The list1s then descended and a record 1s made
of which scene and model interest points have been encoun-
tered. If a putative match 1s found 1n the list for which the
scene or model 1nterest point has already been encountered
then the match 1s removed from the list.

The RANSAC algorithm 1s applied to the putative corre-
spondence set to estimate the homography and the correspon-
dences which are consistent with that estimate.

The process 1s 1iterative, where the number of 1terations N 1s
adaptive. A loop 1s entered at step 42A. The loop returns to
step 42 A, where a loop exit criterion 1s tested and the criterion
1s adapted at step 42B which 1s positioned at the end of the
loop before 1t returns to step 42A.

In each loop 1teration, a random sample of four correspon-
dences 1s selected at step 43A and the homography H com-
puted at step 43B. Then, a cost (distance) 1s calculated for
cach putative correspondence under the computed homogra-
phy. The cost calculates the distance between an interest point
and 1ts putative corresponding interest point after mapping
via the computed homography. The support for the computed
homography 1s measured at step 43C by the number of inter-
est points (1nliers) for which the cost 1s less than some thresh-
old. After the loop 1s exited, the homography with most sup-
port above a threshold level 1s chosen at step 44. Further step
45 may be used to improve the estimate of the homography
given all of the nliers. IT the support does not exceed the
threshold level then the process moves to step 48.

An additional verification phase may occur after step 45 at
step 46 to ensure that the image (scene image) associated with
the scene user image key matches the image (model image)
associated with the found model user image key, rather than
just the interest points matching. Verification 1s performed by
matching pixels 1n the target region of the model 1mage with
their corresponding pixels in the scene 1mage. The correspon-
dence between model and scene pixels 1s defined by the
model to scene homography H__ defined earlier. Our pre-
terred implementation 1s based on the normalised cross cor-
relation measure of the image intensities because this 1s
robust to changes in lighting and colour. The normalised cross
correlation measure (NCC) 1s calculated as follows:

D I )

V E B2 S 2 (Hyslx, y])

NCC =

Where 1_(X,y) 1s the mtensity of a model image pixel at
location (x,y) and I (X,y) 1s the intensity of a scene 1mage
pixel at location (X,y). The intensity of an image pixel 1s
simply the average of the pixels colour values, usually I(x,y)
=[R(x,y)+(G(X,y)+B(x,y)]/3. The summation 1s done over all
pixel locations 1 the model 1mage that are (1) contained
within the model target region and (2) lie within the bounds of
the scene 1image when mapped using the homography H_ .
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Condition (2) 1s necessary since the scene 1mage may only

contain a view of part of the model target region. Verification

1s successiul if the NCC measure 1s above a specified thresh-
old. In our implementation we used a threshold of 0.92. If
verification 1s successtul, then H_ _1s returned at step 47. It

verification 1s unsuccessiul the process moves to step 48.

At step 48, the model 1image 1s updated to the next model
image and the process returns to step 41. At step 41 a set of
putative correspondences between the interest points of the
scene user 1mage key (scene interest points) and the interest
points 1n the new model user 1image key (model interest
points) 1s determined and then the loop 41A 1s re-entered. IT
there are no remaining untested model user image keys 1n the
database at step 48, then the process moves to step 49 where
a failure 1s reported.

Thus the RANSAC process 1s repeated for each possible
model user 1mage key 1n the database until the support for a
chosen homography exceeds a threshold and the scene image
and corresponding model 1image are verified. Such a match
indicates a match between the model user image key associ-
ated with the chosen homography and the scene user image
key.

In the preceding description, 1t has been assumed that the
loop 41A, 15 exited only when N 1terations have been com-
pleted. It other implementations, early termination of the loop
41A 1s possible 1t the number of 1inliers counted at step 32C
exceeds athreshold. In this implementation, 1f the verification
fails at step 46 then the process moves to step 42B inloop 41A
if the loop 41 A was terminated early but moves to step 48 1f
the loop 41A was not terminated early.

Returming to FI1G. 3, after a match has been found between
a scene user 1image key and a model user image key, the
statistical parameters of the model 1image key are updated at
step 36 (step 47 in F1G. 4). Then at step 37 the digital content
associated with the matched model user image key 1s obtained
from the database 8.

In the update at step 36 the following model 1mage key
statistics are determined from the previous M successiul
matches of the model. These statistics are used to improve the
performance of the RANSAC matching algorithm.

1. For each model interest point, the mean and variance of the
distance (cost) between the model interest point and the
corresponding matching scene 1mage point when mapped
back into the model image.

2. The frequency of a model interest point being an 1nlier 1n a
matched scene 1image
When a model has successtully matched to a scene there 1s

a correspondence between model interest points and scene

interest points and an estimated homography, H_ _, that maps

model coordinates to scene coordinates. Similarly, the inverse
of H__, namely H__, maps scene coordinates to model coor-
dinates. In an 1deal situation this mapping will map scene
interest points to the exact position of their corresponding
model 1nterest point. In practice there will be some variation
in this position. For each model interest point we measure the
mean and variance of the positions of corresponding scene
image points when mapped back into the model image. This
statistic 1s used 1 the RANSAC algorithm to determine
whether a putative match between a model interest point and

a scene interest point 1s an inlier given an homography. As

described in the RANSAC algorithm earlier the classification

ol a putative match as an inlier 1s done 11 the distance (cost)

between the model and scene positions 1s below a specified

distance threshold. Rather than setting a fixed distance thresh-
old we use the measured mean and variance. A putative match
1s classified as an inlier 1f the scene interest point, when
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mapped by the homography into the model image, 1s within 3
standard deviations of the mean.

The RANSAC algorithm may be improved by recording

and using the frequency of matching correspondence for each
interest point of a model image. The frequency of matching
correspondence 1s the frequency with which each interest
point of the model user image key has a correspondence with
an interest point of a matching scene user 1mage key 1e. the
frequency at which each model interest point is classified as
an ilier when the model has been successtully matched. The
frequency of matching correspondence 1s calculated in FI1G. 4
at step 47 (step 36 in FIG. 3). This frequency of matching
correspondence 1s then stored 1n the statistical parameters of
the matching model user image key. The sample of the four
correspondences made at step 43A may be a weighted ran-
dom selection. The probability of selecting an interest point
of the model 1s weighted according to its frequency of match-
ing correspondence. The higher the frequency of matching
correspondence the greater the weighting and the greater the
probability of 1its selection. In our implementation weighted
sampling reduces the number of 1terations necessary to find a
good homography by a factor of 50 on average. This also
filters out erroneous and unreliable model interest points from
the matching process and also from future matching pro-
cesses 1nvolving different scene i1mages. When using a
weighted random selection of interest points the weights
should be considered when calculating the number of 1tera-
tions N at step 42B. In the referenced text, Hartley & Zisser-
man Algorithm 4.5, the probability that an inlier point 1s

selected, w, assumes uniformed random selection and 1s
defined as the ratio of the number of inliers to the total number

of points. To account for the weighted sampling this 1s trivi-
ally reformulated as:

> W

icinlierpoints

S Wi

icallpoints

W =

Where W, is the weight associated with the i interest
point. When all W.’s are constant this 1s equivalent to the
original formulation 1n the referenced text.

FIG. 5 presents the process 50 for adding new digital con-
tent to a model user image key already 1n the database 8 given
an appropriate 1mage captured by a user. This process 1s
largely the same as that described i FIG. 3 (differences at
steps 51, 52) and similar references numbers denote similar
steps. However, step 37 1s replaced by steps 51 and 52. At step
51, the additional digital content for storage in association
with the matched model user image key 1s defined and at step
52 this additional digital content 1s stored 1n the database
where 1t 1s indexed by the matched mode user image key.

The process of augmenting the image captured by the user
with the 1image digital content obtained from the database in
step 37 of FI1G. 3 1s1llustrated 1n FIG. 6. Rendering the digital
image augmented with the digital content comprises two
distinct phases. First the content to scene mapping 1s deter-
mined. This maps pixels (in the case of 1image based content),
2d vertices (1n the case of 2d vector drawings) or 3d vertices
(1n the case of 3d models) from model coordinates to scene
coordinates. Next this mapping 1s used to render the image
content 1into the scene.

At step 61, a digital content to canonical frame mapping
T _, 1s calculated. It 1s convenient to define an intermediate
canonical frame when determining the mapping of content to
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the scene The canonical frame 1s a rectangular frame with unait
height and a width equal to the aspect ratio of the rectangular
piece ol the world defined by the target region. Aspect ratio 1s
defined as the ratio of width to height, 1.e., width/height.
The purpose of this mapping 1t to appropriately scale and
position the digital content so that 1t appears correctly when
finally rendered into the scene 1image. For the purpose of our
implementation we transform the content so that:
1. It 1s at the largest possible scale that fits into the target
region detected 1n the scene 1mage
2. The contents aspect ratio 1s preserved
3. The content 1s centred either horizontally or vertically to
balance out any remaining space.
[t a point in the digital content frame 1s given by p . then the
equivalent point p, 1n the canonical frame 1s given by the
eXpression:

pD:Tcﬂpc

For 2d content T, 1s a 3x3 matrix and content and canoni-

cal points are defined 1n homogeneous coordinates as 3 ele-
ment column vectors:

Po=[Xo Yo 1]T

P=[X, Yo W'

The mapping T _, 1s given by the expression:

Wo — SW,.
0
> 7
Tcﬂ — ] - Shc
> 7
0 0 1

Where s 1s the scale factor given by the expression:
It (w_/h_>w,) then s=wy/w_otherwise s=1/%_

Where w . 1s the width of the content, h . 1s the height of the
content and w, 1s the width of the canonical frame (which 1s
also the aspect ratio of the target location).

For 3d content T , 1s calculated in an analogous way but 1t
1s now a 4x4 matrix and the content vertices are 3d points
represented 1n homogeneous coordinates by 4 element col-
umn vectors.

At step 62, the canonical frame to Model Mapping H,, 1s
calculated. This mapping takes the four corners of the rect-
angular canonical frame and maps them to the four vertices of
the target region quadrlateral of the model image. Since all
points lie on planes this mapping can be described by a 3x3
homography matrix and can be determined using the direct
linear transformation (DLT). Note again that the 2d vertex
coordinates are described 1n homogeneous coordinates using
3 element column vectors. The DLT algorithm for calculating
an homography given four points 1s described by Hartley and
Zisserman 1n s. 4.1. and algorithm 4.1, the content of which
are hereby incorporated by reference.

At step 63, the canonical frame to scene Mapping T, 1s
calculated. For 2d content the mapping from the canonical
frame to the scene 1s simply determined by concatenating the
mapping from the canonical frame to the model and the
mapping from the model to the scene. The mapping from the
model to the scene 1s the output of the 1mage key matching
process 40 and 1s given by the homography H_ . The mapping
from the canonical frame to the scene 1s still an homography
and 1s given by the expression:

T'Ds :HmsHDm
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For 3d content TOs 1s a projection from 3d to 2d represented
by a 3x4 element matrix. This can be determined using stan-
dard techniques for camera calibration such as the DLT. Cam-
era calibration requires a set of corresponding 3d vertices and
2d points for which we use the 2d scene and model interest
points and the 2d model interest points mapped into the
canonical frame and given the extra coordinate z=0.

At step 64, the content to scene mapping T __ 1s calculated
by combining the mappings calculated in steps 63 and 61.

TCSZTDSTCD

At step 65, the digital content 1s rendered into the Scene
using T _For 2d content the content to scene mapping 1s used
directly to draw the content into the scene. There are many
algorithms in the literature to do this for image and vector
type graphics. One example, for rendering 1mage content 1s to
iterate over every pixel 1in the scene target region and calculate
the corresponding pixel in the content frame using the inverse
of the content to scene transformation. To avoid aliasing we
perform bilinear sampling of the content to determine the
value of the pixel to render into the scene. Our system also
supports the use of an alpha mask which can be used to blend
the scene and content pixels to create effects such as trans-
parency and shadows. The alpha mask 1s simply a greyscale
image with the same dimensions of the content and 1t 1s used
in the standard way to blend images.

The rendering of 3d content 1s performing using standard
3d rendering software such as OpenGL or DirectX. The map-
ping T,. defined above 1s analogous to the camera matrix in
these rendering systems.

Another application of the mmvention 1s 1n ‘texture map-
ping’. In this case, digital content 1s associated with an image
portion that may appear 1n many captured images. The image
portion, when 1t appears 1n a captured 1mage, triggers the
augmentation of the captured image using the digital content.

Although embodiments of the present invention have been
described 1in the preceding paragraphs with reference to vari-
ous examples, i1t should be appreciated that modifications to
the examples given can be made without departing from the
scope of the invention as claimed.

Whilst endeavoring 1n the foregoing specification to draw
attention to those features of the invention believed to be of
particular importance 1t should be understood that the Appli-
cant claims protection 1n respect of any patentable feature or
combination of features hereinbefore referred to and/or
shown 1n the drawings whether or not particular emphasis has
been placed thereon.

We claim:

1. A method comprising;:

at a server controlled by a third party:

communicating with a first originating party user, different
to the third party, to receive 1n an upload originating
from the first originating party user user-defined infor-
mation that 1s defined by the first originating party user
to be accessed by other parties;

at the server controlled by the third party,

in response to receiving the user-defined information in the
upload originating from the first originating party user,
automatically storing in a database an entry linking,
according to specification of the first originating party
user, the user-defined information received from the first
originating party user via a lirst image key, created by
digital image processing at least a first portion of image
content of a first image, at least the first 1mage being
specified by the first originating party user, to enable
subsequent access to the user-defined mformation by a
plurality of different parties,
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wherein the database stores multiple entries and multiple
image keys, each entry linking user-defined information
via an 1mage key created by digital image processing
image content;

at the server controlled by the third party,

subsequently commumicating with a second party user,

different from the first originating party user and the
third party, to recerve from the second party user image
content of a second 1mage captured by the second party
user;

at the server controlled by the third party,

in response to recewving from the second party user the

image content of the second 1mage, obtaining from the
received 1mage content of the second 1mage a second
image key created by digital image processing the image
content of the second 1mage;

at the server controlled by the third party,

automatically determining a matching correspondence

between the second 1mage key and one of the multiple
image keys stored 1n the database to determine a match-
ing 1image key;

at the server controlled by the third party,

using the matching image key to retrieve the user-defined

information linked via the matching 1mage key 1n the
database: and

at the server controlled by the third party,

automatically providing access by the second party user to

the retrieved user-defined information linked by the
determined matching 1image key,

wherein access 1s provided to the second party user to the

user-defined mformation defined by and received from
the first originating party user when the image content of
the second 1mage, captured by the second party user,
includes a portion having a collection of interest points
extracted by digital image processing that correspond to
a collection of interest points extracted by digital image
processing at least the first portion of the 1mage content
of the first image.

2. The method as claimed 1n claim 1, further comprising:

providing access by a further party, using a captured third

image that includes a portion corresponding to at least
the first portion of the first image, to the user-defined
information.

3. The method as claimed 1n claim 1, further comprising:

extracting interest points from the portion of the second

1mage;

extracting interest points from the first image; and

providing access by a second-party user (3A, 3B) to the

user-defined information, when the interest points
extracted from the portion of the second 1image match the
interest points extracted from the first image.

4. The method as claimed 1n claim 1, wherein the first
image 1s recerved from the first originating party and/or
wherein the first image 1s received via anetwork 1n a message.

5. The method as claimed 1n claim 1, wherein the user-
defined information 1s text.

6. The method as claimed 1n claim 1, further comprising;:

processing a target region of the first image defined by the

first originating party to create the first user image key;
and

linking the created first user 1image key with the user-

defined information in the database.

7. The method as claimed 1n claim 6, further comprising:

creating a second 1image key for the captured second 1image;

searching the database for correspondence between the
created second image key and an image key stored 1n the
database: and
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1 there 1s correspondence, obtaining the user-defined
information linked to the corresponding model user
image key.

8. The method as claimed 1n claim 1, wherein the second

image 1s captured by the second-party user.

9. The method as claimed 1n claim 1, further comprising:

determining that a second 1image includes a portion corre-
sponding to at least the first portion of the first image
when there 1s a determination that interest points
extracted from the portion of the second 1mage match
interest points extracted from the first image.

10. The method as claimed 1n claim 1, further comprising:

providing access by a further party to the user-defined
information when a further image provided by the fur-
ther party includes a portion corresponding to at least the
first portion of the first image.

11. The method as claimed in claim 1 wherein the method
enables leaving the user-defined information at a pre-existing
real world location or object for future access by using a
database entry to link the user-defined information via the
firstimage key created by digital image processing at least the
first portion of the 1mage content of the first image, the first
image being an image of the real world location or object so
that the first information can be collected later using an 1image
of the same pre-existing real world location or object to
access the user-defined information.

12. The method as claimed 1n claim 1, wherein the portion
of the second image corresponding to at least the first portion
of the first image 1s without an applied code or symbology,
and wherein correspondence between the portion of the sec-
ond 1image and at least the first portion of the first 1mage 1s
determined without using an applied code or symbology.

13. The method as claimed 1n claim 1, wherein the captured
second 1mage 1s sent with an 1identifier that causes a subset of
the database to be searched by a server when determining a
matching correspondence between the second image key and
one ol the multiple 1image keys stored in the database to
determine a matching image key.

14. An electronic device comprising:

a processor; and

a memory including computer program code, wherein the
memory, computer program code and processor are con-
figured:

to enable definition, by a user of the electronic device, of
user-defined information that 1s defined by the user to be
accessed by multiple users;

to enable specification of a first image;

to enable linking, according to specification of the user, the
user-defined information via a first image key, created by
digital image processing at least a first portion of image
content of the first image; and

to use a second 1image that includes a portion correspond-
ing to at least the first portion of the first image to cause
creation of a second 1image key by digital image process-
ing of the image content of the second 1image and deter-
mination ol a matching correspondence between the
second 1mage key and the first 1image key to enable
access to the user-defined information linked via the first
image key, wherein access 1s provided to the user-de-
fined information when the 1image content of the second
image ncludes a portion having a collection of interest
points extracted by digital image processing that corre-
spond to a collection of interest points extracted by
digital image processing at least the first portion of the
image content of the first image.

15. The electronic device as claimed 1n claim 14, further

comprising;
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a camera configured to capture said first image and config-
ured to capture, at a later time, said second 1mage,

wherein the memory, computer program code and proces-
sor are further configured to output the accessed user-
defined 1information.

16. The electronic device as claimed 1n claim 14, wherein
the memory, computer program code and processor are fur-
ther configured to enable selection of a target region on the
first 1mage.

17. The electronic device as claimed 1n claim 16, wherein
the shape of the target region 1s automatically constrained to
conform to a perspective of the first image.

18. The electronic device as claimed 1n claim 14, wherein
the memory, computer program code and processor are con-
figured to 1dentily interest points within the first image.

19. The electronic device as claimed 1n claim 18, wherein
the 1dentified interest points are used to define the first image
key.

20. The electronic device as claimed 1n claim 19, wherein
the memory, computer program code and processor are con-
figured to include a location at which the first image was
captured in the model image key.

21. The electronic device as claimed 1n claim 14, wherein
the memory, computer program code and processor are fur-
ther configured to enable user selection of an area, at least a
portion of which 1s the first portion of the first image digital
image processed to create the first image key.

22. The electronic device as claimed 1n claim 14, wherein
the memory, computer program code and processor are fur-
ther configured to enable user composing of the first infor-
mation.

23. The electronic device as claimed 1n claim 14, wherein
the memory, computer program code and processor are fur-
ther configured to transmuit a first message to a server having,
access to a database configured to store multiple entries and
multiple image keys, each entry linking user-defined infor-
mation via an image key created by digital image processing,
image content, wherein the first message 1s dependent upon
the first portion of the first image and enables creation of a
database entry linking the user-defined information via the
first image key.

24. The electronic device as claimed 1n claim 14, wherein
the memory, computer program code and processor are fur-
ther configured to transmit a second message to a server
having access to a database configured to store multiple
entries and multiple 1mage keys, each entry linking user-
defined information via an image key created by digital image
processing 1mage content, wherein the second message 1s
dependent upon the second 1image.

25. The electronic device as claimed 1n claim 24, wherein
the second message 1dentifies the location at which the sec-
ond 1image was captured.

26. The electronic device as claimed 1n claim 24, wherein
the second message 1dentifies an application runming on the
clectronic device.

27. The electronic device as claimed 1n claim 14, wherein
the memory, computer program code and processor are con-
figured to 1dentily interest points within the first image and
configured to use the identified interest points to define a first
image key, wherein the user-defined information 1s for aug-
menting existing information already associated with the first
image key.

28. The electronic device as claimed 1n claim 14, compris-
ing a camera configured to capture the second image.

29. The electronic device as claimed 1n claim 14, wherein
the user-defined information 1s linked, using a server acces-
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sible via a network, with at least a first image key, created by
digital 1mage processing at least a first portion of 1mage
content of a first image.

30. The electronic device as claimed 1n claim 14, wherein
the electronic device 1s an electronic user device.

31. The electronic device as claimed in claim 14, wherein
the second 1image includes a portion corresponding to at least
the first portion of the first image 11 an homography matches
interest points extracted from the portion of the second image
with 1nterest points extracted from the first image.

32. The electronic device as claimed 1in claim 14, wherein
the captured second 1mage 1s sent with an application 1denti-
fier that causes a subset of a database to be searched by a
SErver.

33. The electronic device as claimed 1n claim 14, wherein
the user-defined information 1s text.

34. The electronic device as claimed 1n claim 14, wherein
the portion of the second 1image corresponding to at least the
first portion of the first image 1s without an applied code or
symbology, and wherein correspondence between the portion
of the second image and at least the first portion of the first
image 1s determined without using an applied code or sym-
bology.

35. A non-transitory computer-readable storage medium
encoded with mstructions that, when performed by a proces-
sor of an electronic device, cause performance of:

enable definition, by a user of the electronic device, of

user-defined information that 1s defined by the user to be
accessed by multiple users;

cnable specification of a first image;

enable linking, according to specification of the user, the

user-defined information via a first image key, created by
digital image processing at least a first portion of image
content of the first image; and
enable use of a second 1mage that includes a portion cor-
responding to at least the first portion of the first image to
cause creation of a second 1image key by digital image
processing of the image content of the second image and
determination of a matching correspondence between
the second 1mage key and the first image key to enable
access to the user-defined information linked via the first
image key, wherein access 1s provided to the user-de-
fined information when the image content of the second
image includes a portion having a collection of interest
points extracted by digital image processing that corre-
spond to a collection of interest points extracted by
digital 1mage processing at least the first portion of the
image content of the first image.
36. The non-transitory computer-readable storage medium
as claimed 1n claim 35, wherein the second 1image includes a
portion corresponding to at least the first portion of the first
image when there 1s a determination that interest points
extracted from the portion of the second 1image match interest
points extracted from the first image.
37. A server comprising:
one or more processors; and
one or more memories including computer program code,
the one or more memories and the computer program
code configured, with the one or more processors, to
cause the server to perform the following;:

commumnicating with a first originating party user, different
to the third party, to receive 1n an upload originating
from the first originating party user user-defined infor-
mation that 1s defined by the first originating party user
to be accessed by other parties;

in response to recerving the user-defined information in the

upload originating from the first originating party user,
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automatically storing in a database an entry linking,
according to specification of the first originating party
user, the user-defined information recerved from the first
originating party user via a first image key, created by
digital image processing at least a first portion of 1mage
content of a first image, at least the first 1mage being
specified by the first originating party user, to enable
subsequent access to the user-defined information by a
plurality of different parties,

wherein the database stores multiple entries and multiple
image keys, each entry linking user-defined information
via an 1mage key created by digital image processing
image content;

subsequently commumicating with a second party user,
different from the first originating party user and the
third party, to recerve from the second party user image
content of a second 1mage captured by the second party
user;

in response to recewving from the second party user the
image content of the second 1mage, obtaining from the
received 1mage content of the second 1mage a second
image key created by digital image processing the image
content of the second 1mage;

automatically determining a matching correspondence

between the second image key and one of the multiple
image keys stored 1n the database to determine a match-
ing 1mage key;

using the matching 1image key to retrieve the user-defined

information linked via the matching 1mage key 1n the
database; and

automatically providing access by the second party user to

the retrieved user-defined information linked by the
determined matching 1mage key,

wherein access 1s provided to the second party user to the

user-defined mformation defined by and received from
the first originating party when the 1image content of the
second 1mage, captured by the second party user,
includes a portion having a collection of interest points
extracted by digital image processing that correspond to
a collection of interest points extracted by digital image
processing at least the first portion of the 1image content
of the first image.

38. The server as claimed 1n claim 37, wherein the server
comprises the database.

39. The server as claimed i1n claim 37, wherein the user-
defined information 1s received via a network.

40. The server as claimed in claim 37 wherein the one or
more memories, computer program code, and one or more
processors, are configured to cause the server to perform:

determining that a second 1mage 1includes a portion corre-

sponding to at least the first portion of the first image
when there 1s a determination that interest points
extracted from the portion of the second 1mage match
interest points extracted from the first image.

41. The server as claimed in claim 37 wherein the one or
more memories, computer program code, and one or more
processors, are configured to cause the server to perform:

extracting interest points from the portion of the second

1mage;

extracting interest points from the first image; and

providing access by a second-party user (3A, 3B) to the

user-defined information, when the interest points
extracted from the portion of the second 1image match the
interest points extracted from the first image.

42. A method comprising:

at a server controlled by a third party,
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communicating with a first originating party user, different
to the third party, to receive 1n an upload originating
from the first originating party user-defined information
that 1s defined by the first originating party user to be
accessed by other parties;

at the server controlled by the third party,

in response to recerving the user-defined information in the
upload originating from the first originating party user,
automatically storing in a database an entry linking,
according to specification of the first originating party
user, the user-defined information received from the first
originating party user via a first image key, created by
digital image processing at least a first portion of image
content of a first image, at least the first image being
specified by the first originating party user, to enable
subsequent access to the user-defined information by a
plurality of different parties,

wherein the database stores multiple entries and multiple
image keys, each entry linking user-defined information
via an 1mage key created by digital image processing
image content;

at the server controlled by the third party,

subsequently communicating with a second party user,
different from the first originating party user and the
third party, to receive from the second party user image
content of a second 1mage captured by the second party
user;

at the server controlled by the third party,

in response to recerving from the second party user the
image content of the second 1mage, obtaining from the
received 1mage content of the second 1mage a second
image key created by digital image processing the image
content of the second 1mage;

at the server controlled by the third party,

automatically determining a matching correspondence
between the second image key and only a single one of
the multiple 1mage keys to determine a matching image
key:

at the server controlled by the third party,

using the single one of the matching image keys to retrieve
the user-defined information linked via the single one of
the matching image keys 1n the predefined database; and

at the server controlled by the third party,

automatically providing access by the second party user to
the retrieved user-defined information linked by the
determined single one of the matching image keys,

wherein access 1s provided to the second party user to the
user-defined information defined by and received from
the first originating party user when the image content of
the second 1mage, captured by the second party user,
includes a portion having a collection of interest points
extracted by digital image processing that correspond to
a collection of interest points extracted by digital image
processing at least the first portion of the image content
of the first image.

43. A method comprising:

at a server controlled by a third party:

communicating with a first originating party user, different
to the third party, to receive 1n an upload originating
from the first originating party user user-defined infor-
mation that 1s defined by the first originating party user
to be accessed by other parties;

at the server controlled by the third party,

in response to recerving the user-defined information in the
upload originating from the first originating party user,
automatically storing in a database an entry linking,
according to specification of the first originating party




US 9,219,840 B2

19

user, the user-defined information received from the first
originating party user via a first image key, created by
digital image processing at least a first portion of 1mage
content of a first image, at least the first image being
specified by the first originating party user, to enable
subsequent access to the user-defined mformation by a
plurality of different parties,

wherein the database stores multiple entries and multiple
image keys, each entry linking user-defined information
via an 1mage key created by digital image processing
image content;

at the server controlled by the third party,

subsequently commumicating with a second party user,
different from the first originating party user and the
third party, to receive from the second party user image
content of a second 1mage captured by the second party
user;

at the server controlled by the third party,

in response to recewving from the second party user the
image content of the second 1mage, obtaining from the
received 1mage content of the second 1mage a second
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image key created by digital image processing the image
content of the second 1mage;

at the server controlled by the third party,

automatically determining a matching correspondence
between the second 1mage key and one of the multiple
image keys stored 1n the database to determine a match-
ing 1mage key when the image content of the second
image, captured by the second party user, includes a
portion having a collection of interest points extracted

by digital 1image processing that are aligned by an

homography to a collection of interest points extracted

by digital image processing at least the first portion of
the 1mage content of the first image;

at the server controlled by the third party,

using the matching image key to retrieve the user-defined

information linked via the matching image key in the
database: and

at the server controlled by the third party,

automatically providing access by the second party user to
the retrieved user-defined information linked by the
determined matching 1image key.
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